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* NOTICES * 

iTPO and NCI PI are not responsible £or any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely, 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The silicon epitaxial wafer characterized by having the silicon epitaxial layer by which the field 
intemal division cloth of the surface roughness computed except for the measured value contained in less 
than 0.3% of accumulation fi-equency, respectively from the inside of the total measured value of the surface 
roughness by the laser scattered-light detecting method and an upper limit and lower limit side was pressed 
down by 0.02 ppm or less. 

[Claim 2] Said surface roughness is a silicon epitaxial wafer according to claim 1 characterized by having 
almost concentric circular field intemal division cloth. 

[Claim 3] The thickness variation which said silicon epitaxial layer has is a silicon epitaxial wafer according 
to claim 1 characterized by being what originates only in the field intemal division cloth of the amount of 
supply of material gas substantially. 

[Claim 4] A silicon wafer is laid on the susceptor of the rotating type supported horizontally in a reaction 
container. It is the manufacture approach of a silicon epitaxial wafer of carrying out vapor growth of the 
silicon epitaxial layer on this silicon wafer while heating this silicon wafer. The inside of the total measured 
value of the surface roughness according to the laser scattered-light detecting method about said silicon 
epitaxial layer, The manufacture approach of a silicon epitaxial wafer characterized by optimizing the 
temperature distribution of said siUcon wafer so that the field intemal division cloth of the surface roughness 
computed except for the measured value contained in less than 0.3% of accumulation frequency, 
respectively from the upper limit and lower limit side may be pressed down to 0.02 ppm or less. 
[Claim 5] Support of said susceptor the end of two or more supporter material which branched from the 
point of a perpendicular revolving shaft to the radial It carries out by making the periphery section rear face 
which surrounds the installation part of said silicon wafer contact. And the distance from the periphery edge 
of this susceptor to the contact part of the end of this supporter material The manufacture approach of the 
silicon epitaxial wafer according to claim 4 characterized by setting the temperature fall of a wafer edge to 
the maximum temperature within a field of the silicon wafer laid on this susceptor as the value which can be 
held down within 7 degrees C. 

[Claim 6] The manufacture approach of the silicon epitaxial wafer according to claim 4 characterized by 
setting the temperature fall of a wafer edge to the maximum temperature within a field of the silicon wafer 
laid on this susceptor in the distance between the rear face of said susceptor, and said supporter material as 
the value which can be held down within 7 degrees C. 

[Claim 7] The manufacture approach of the silicon epitaxial wafer according to claim 5 or 6 characterized 
by performing heating of said silicon wafer to the surroundings of the medial axis by which eccentricity was 
carried out using two or more radiation heat lamps arranged at axial symmetry from the revolving shaft of 
said susceptor. 

[Claim 8] The manufacture approach of a silicon epitaxial wafer according to claim 4 characterized by 
adjusting field intima thickness distribution of a silicon epitaxial layer after optimizing distribution 
whenever [ field intemal temperature / of said silicon wafer ]. 

[Claim 9] The manufacture approach of the silicon epitaxial wafer according to claim 4 characterized by 
using one in two or more contact parts of the rear-face periphery section of this susceptor, and said supporter 
material for positioning of this susceptor on the occasion of support of said susceptor. 
[Claim 10] The manufacture approach of the silicon epitaxial wafer according to claim 4 characterized by 
performing vapor growth of the silicon epitaxial layer to said silicon wafer top by single wafer processing. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] Especially this invention relates to highly precise management of the surface 
roughness of the silicon epitaxial layer which led equalization whenever [ field intemal temperature / of a 
silicon wafer ] about a silicon epitaxial wafer and its manufacture approach. 
[0002] 

[Description of the Prior Art] The design rule of a semiconductor device has already reached the level of a 
subquarter micron on practical use level. If the amount of handling charges of a semiconductor device 
decreases by detailed-ization, a possibility that few minute defects near the silicon single crystal substrate 
front face may also have effect fatal to a device property will become larger than before, and especially tiie 
performance degradation of a bipolar circuit or a CMOS circuit will pose a problem. Then, the silicon single 
crystal ingot which was able to be pulled up from melt is replaced with a slice and the silicon single crystal 
substrate manufactured by carrying out mirror polishing from now on, and it is expected that use of the 
silicon epitaxial wafer which the front face is made to carry out vapor growth of the silicon epitaxial layer 
further, and is obtained increases. Henceforth, a silicon single crystal substrate and a silicon epitaxial wafer 
are collectively named a silicon wafer generically. 

[0003] Advanced thickness homogeneity is required in a silicon epitaxial wafer. Since the silicon single 
crystal substrate from the first is flat to altitude, this thickness homogeneity may be put in another way as 
the surface smoothness of the silicon epitaxial layer by which vapor growth is carried out on this silicon 
single crystal substrate. Advanced surface smoothness is required because it is necessary to cam a process 
margin, since wavelength of the exposure light used for a photolithography in recent years is short- 
wavelength-ized to an far-ultraviolet-rays wavelength region and the depth of focus is decreasing 
remarkably. And it becomes still severer as the aperture of a silicon wafer expands this demand above it 
fiirther by 300mm from the 200 presentmm. 

[0004] The example of 1 configuration of the gaseous-phase thin film growth equipment 20 of single wafer 
processing is shown in drawing 8 . This equipment makes the vapor growth of a thin film perform, carrying 
out radiation heating of the silicon wafer W laid one sheet at a time in the reaction container 21 which 
consists of a transparence quartz using infrared lamps 29a and 29b from the upper and lower sides. These 
infrared lamps 29a and 29b are arranged by concentric circular [ of a duplex ], and an outside lot and 
infrared lamp 29b constitute [ infrared lamp 29a ] the inside lot. The inside of the above-mentioned reaction 
container 21 is divided into up space 21a and lower space 21b by the susceptor 25 for laying the silicon 
wafer W. Besides, by section space 21a, the material gas introduced with H2 gas which is carrier gas from 
tiie gas supply hole 22 flows in the direction of drawing Nakaya mark A, forming a laminar flow for the 
front face of the silicon wafer W mostly, and it is discharged from the exhaust hole 24 of the opposite side. 
H2 gas which is purge gas is supplied to lower space 21b with high pressure rather than the above- 
mentioned material gas. Purge gas is made into high pressure for preventing penetration of the material gas 
from the clearance between the reaction container 21 and a susceptor 25 to lower space 21b. 
[0005] The support means which consists of a quartz for supporting the above-mentioned susceptor 25 from 
the rear face, and the lift pin 28 for detaching and attaching the silicon wafer W on a susceptor 25 are built 
in above-mentioned lower space 21b. The above-mentioned support means consists of a revolving shaft 26 
and two or more spokes 27 which branch from this revolving shaft 26 to a radial. It is made as [ support / 
this ] by carrying out fitting to the crevices 25c and 25d where the perpendicular pins 27b and 27c were 
formed in the end of the above-mentioned spoke 27, and the point of a revolving shaft 26, respectively, and 
the tip of these perpendicular pins 27b and 27c was established in the rear face of the above-mentioned 
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susceptor 25, respectively. The above-mentioned revolving shaft 26 is made pivotable in the direction of 
drawing Nakaya mark C by the driving means which is not illustrated. 

[0006] The diameter of a head is expanded and the above-mentioned lift pin 28 is hung from the taper-like 
side-attachment-wall section of through tube 25b prepared in the base of sedentary reeling **** 25a of the 
susceptor 25 for this head to lay the silicon wafer W. The shank of the lift pin 28 is inserted in through tube 
27a drilled in the halfway section of a spoke 27, and is made as [ hang / to stability / this lift pin 28 ]. 
[0007] Rise and fall of a support means perform attachment and detachment of the silicon wafer W on a 
susceptor 25. For example, when removing the silicon wafer W from a susceptor 25, as shown in drawing 
9 , a support means is dropped, and the tail of the lift pin 28 is made to contact the wall of lower space 21b 
of the reaction container 21 . The lift pin 28 energized by this attaches to the rear face of the silicon wafer W 
in the head, and surfaces this silicon wafer W to the upper part of sedentary reeling **♦* 25a. Then, the 
handler which is not illustrated in the space between a susceptor 25 and the silicon wafer W is inserted, and 
delivery and conveyance of the silicon wafer W are performed. 

[0008] As a component of the above-mentioned susceptor 25, what coated the graphite base material with 
the coat of SiC (silicon carbide) is usually used. Although it is connected with the mainstream of the heating 
method of the gaseous-phase thin film growth equipment of the time of development having been high- 
frequency induction heating that the graphite is chosen as a base material, it is because there is a merit of 
that it is easy to obtain a high grade article, that processing is easy, excelling in thermal conductivity, being 
hard to damage. However, although a graphite is a porous body therefore, it has problems, like that occluded 
gas may be emitted into a process, and a graphite and material gas react in process of geiseous-phase thin 
film growth, and the front face of a susceptor changes to SiC, and the wrap configuration generalized the 
front face with the SiC coat from the beginning. The SiC coat is usually formed of CVD (chemical vapor 
deposition). It considers as the SiC coating of a graphite base material like [ the component of the above- 
mentioned lift pin 28 ] the susceptor 25. 
[0009] 

[Problem(s) to be Solved by the Invention] By the way, although the demand to the display flatness of a 
silicon epitaxial wafer is increasing severity every year, even if it carries out with the single-wafer- 
processing gaseous-phase thin film growth equipment which passed through the device on the above 
configurations and an ingredient, the location within a field of a silicon epitaxial wafer has shown that a 
difference is in the thickness of an epitaxial layer. When the thickness of a silicon epitaxial layer exceeds 8 
micrometers in general especially, there is an inclination for the difference of the thickness within a field of 
a silicon epitaxial layer to be emphasized by even the level which is not desirable practically. 
[0010] Thickness distribution of the silicon epitaxial layer observed by this invention persons is shown 
about the case where drawing 10 is made to carry out vapor growth of the silicon epitaxial layer (resistivity 
= 10 ohm-cm) of p mold by 1 5 micrometers in target thickness on the diameter of 200mm, field bearing 
(100) on the front face of main, and p+ mold silicon single crystal substrate of resistivity 0.01 ohm-cm - 
0.02 ohm-cm. (a) Drawing makes the longitudinal direction the direction which intersects perpendicularly 
with a lengthwise direction and this the direction which goes to the notch N (notch) which shows the 
measurement direction of thickness distribution and shows crystal orientation, (b) Thickness distribution and 
the (c) Fig. show the thickness distribution over the lengthwise direction distance from the core of the 
silicon epitaxial wafer EW, respectively. [ as opposed to the lateral distance from the core of the silicon 
epitaxial wafer EW in drawing ] 

[001 1] At the core of the silicon epitaxial wafer EW, it is in the inclination for silicon epitaxial layer 
thickness to fall so that more clearly than these drawings. By the collapse of this thickness, flatness is SEMI 
(Semiconductor Equipmentand Materials International). Since it becomes extremely large with about 0.3 
micrometers by SFQD (SEMI Ml -96) by definition, in manufacture of a silicon epitaxial wafer, the percent 
defective of flatness may exceed 4%. SFQD according to the definition of SEMI here divides the whole 
wafer surface into the eel of 20mm angle, and expresses with an absolute value the maximum of the 
difference in elevation with the heights or the crevice generated in the datum level for which it asked by the 
best fitting method, and each cel. 

[0012] It was newly foxmd out by this invention persons that the same inclination is observed also in 
drawing 1 1 which shows the result of having measured the field intemal division cloth of the surface 
roughness of a silicon epitaxial layer using laser scattered-light detection equipment. Laser scattered-light 
detection equipment is equipment which detects the magnitude of a particle or field granularity by 
measuring the reinforcement of the scattered light which scans a silicon wafer side and is obtained by the 
laser beam. The reinforcement of the scattered light is expressed using the unit of ppm. For example, it 
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means that the scattered light of the reinforcement of 0.5/1 million was measured to the reinforcement of 
incident light in 0.5 ppm. Moreover, since it is proportional to the magnitude of surface roughness, when the 
reinforcement of the scattered light is large, as for the reinforcement of the scattered light, it tums out that 
irregularity is comparatively large, for example, although laser scattered-light detection equipment can 
measure the whole main front face of a silicon wafer, since the scattered reflection light of level which 
cannot be disregarded from a chamfer in the periphery section of a silicon wafer side is measured by 
coincidence, the measured value obtained in number nmi of pieces of the periphery section of a silicon 
wafer side is usually excepted. 

[0013] In drawing 1 1 , the front face of the silicon epitaxial wafer EW can be divided roughly into each field 
of A-D according to the magnitude of the surface roughness. Since the reinforcement of the scattered light is 
as large as 0.345 ppm - 0.365 ppm in the field B which the field A occupied to an arc and this field A break 
off, and makes the shape of an island focusing on the inside of an eye so that the periphery of a wafer may 
be equally divided in general into three, it tums out that comparatively big surface roughness has occurred. 
In the field D which the field C generated in the shape of a circle in the core of a wafer and the above- 
mentioned field A break off on the other hand, and is generated near an eye at punctiform, the reinforcement 
of the scattered light is as small as 0.330 ppm - 0.335 ppm, and it tums out that surface roughness is 
comparatively small. The difference of the maximum (0.365 ppm) of the reinforcement of this scattered 
light and the minimum value (0.330 ppm) shows that there is 0.035 ppm variation, when expressed with the 
reinforcement of the scattered light to the surface roughness of the above-mentioned silicon epitaxial wafer 
EW. 

[0014] Thus, also in drawing 1 1 which shows the distribution situation of the surface roughness of the 
silicon epitaxial wafer EW, there is an inclination for surface roughness to become small at the core of the 
silicon epitaxial wafer EW like drawing 10 . However, variation of thickness cannot be directly presumed 
from surface roughness. It is because the variation of thickness will be influenced by the field internal 
division cloth of the amount of supply of not only distribution but material gas whenever [ field internal 
temperature / of a silicon wafer ] to surface roughness mainly depending for this on distribution whenever 
[ field intemal temperature / of a silicon wafer ]. 

[0015] However, when a design rule assumes anyway application in the fixture semi-conductor process 
reduced to 0.13 micrometers or less, the above thickness distribution cannot be permitted practically. Then, 
this invention aims at offering the silicon epitaxial wafer which has improved the field intemal division 
cloth of flatness and thickness, and its manufacture approach while it improves the homogeneity of the 
surface roughness of a silicon epitaxial layer fiirther. 
[0016] 

[Means for Solving the Problem] The silicon epitaxial wafer of this invention has the silicon epitaxial layer 
by which the field intemal division cloth of this surface roughness computed except for the measured value 
contained in less than 0.3% of accumulation frequency, respectively from the inside of the total measured 
value of the surface roughness by the laser scattered-light detecting method and an upper limit and lower 
limit side was pressed down by 0,02 ppm or less. It is almost equal to excepting the measured value of 
x**3sigma (sigma is standard deviation) centering on the average x of total measured value which exists out 
of range to except the measured value contained in less than 0.3% of accumulation frequency from a vertical 
edge, respectively. 

[0017] In order for this invention persons to manufacture such a silicon epitaxial wafer While improving the 
configuration of the support means which consists of a quartz and omitting perpendicular pin 27c of an 
above-mentioned center It comes to propose a header and this invention for a good result being obtained by 
shifting the contact location on the rear face of a susceptor of the end (equivalent to above-mentioned 
perpendicular pin 27b) of supporter material (equivalent to the above-mentioned spoke 27) to a periphery 
side conventionally. At this time, the distance from the periphery edge of the above-mentioned susceptor to 
the contact part of the end of the above-mentioned supporter material is set as the value which can suppress 
the temperature fall of a silicon wafer edge to the maximum temperature within a field of a silicon wafer 
within 7 degrees C. 

[0018] Moreover, although the above-mentioned susceptor rotates around a predetermined revolving shaft:, 
when heating means are two or more infrared lamps arranged around the predetermined medial axis, it can 
reach the radiant heat of a heating means from slanting down one also to the conventional covered part by 
the support means by carrying out eccentricity of this medial axis to the revolving shaft of a susceptor. 
Therefore, the local temperature fall within a susceptor side can be eased, and thickness reduction of the thin 
film in the correspondence part of the silicon wafer on this susceptor can be prevented. Furthermore, the 
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effect of supporter material can be eased also by detaching the distance between the rear face of a susceptor, 
and supporter material conventionally. The above-mentioned distance is set as the value which can suppress 
the difference of the maximum temperature within a silicon wafer side, and the minimum temperature 
within 7 degrees C. 
[0019] 

[Embodiment of the Invention] This invention is proposed paying attention to having the inclination for the 
field intemal division cloth of the surface roughness of the silicon epitaxial layer measured using laser 
scattered-light detection equipment to be similar to thickness distribution of the silicon epitaxial layer 
resulting from the heterogeneity of temperature. Although surface roughness will decrease if growth 
temperature is low as surface roughness has growth temperature and correlation and it is shown in drawing 

1 , there is an inclination which increases as growth temperature becomes high. And that 0.02 ppm of 
surface roughness change near 1130 degree C which is general silicon epitaxial growth temperature means 
that a 7-degree C growth temperature gradient exists locally. In the supply rate-limiting temperature region 
1050 degrees C or more where the usual silicon epitaxial growth is performed, if a growth temperature 
gradient is made into 7 degrees C or less, even if growth temperature will not change substantially but will 
see locally, a uniform growth rate can be attained. 

[0020] When drawing 1 1 shown above is seen again bearing this in mind, as for the field C of the center of 
the silicon epitaxial wafer EW, and the field D of the three circumferences, it turns out that temperature is a 
low field relatively. These fields C and D are equivalent to the contact part of perpendicular pin 27c and the 
lift pin 28, respectively. Although Field C is a part where perpendicular pin 27c is contacted firom a rear 
face, the heat of infrared lamp 29b cannot reach easily due to the spatial electric shielding by the revolving 
shaft 26, for this reason it is thought that the temperature fall has arisen. Although Field D is a part where 
the lift pin 28 is contacted from a rear face, since the thermal conductivity of the graphite base material 
which is the component of the lift pin 28 is very high, it is thought that the heat dissipation which makes the 
lift pin 28 a heat-conduction path arose, for this reason the temperature fall has arisen. The island-like field 
B is a field where mist and temperature are higher than a perimeter, and is equivalent to the arrangement 
part of the spoke 27 prolonged in the three directions from a medial axis 26. In order that the quartz which is 
the component_of this spoke 27 may originate in the lowness of thermal conductivity and may^ demonstrate 
the big accumulation effectiveness, once it is heated, it will be considered to raise the temperature of that 
near. 

[0021] This invention tends to make it equalize distribution whenever [ field intemal temperature ] by 
devising the configuration of a support means by which the temperature distribution within a silicon wafer 
side may be affected in this way. As one of the device of this, contract the distance from the periphery edge 
of a susceptor to the contact part of the end of said supporter material conventionally, namely, although a 
contact part is kept away from the periphery section of a silicon wafer With the specification of gaseous- 
phase thin film growth equipment, the output of the diameter of a susceptor, thickness, thermal conductivity, 
and a heating means differs from a configuration, a dimension, etc. of an end of supporter material, and not 
all the optimum values of the above-mentioned distance can specify them generally with a dimension. In 
this invention, "the value which can suppress the temperature fall of a wafer edge to the maximum 
temperature within a field of the silicon wafer laid on a susceptor within 7 degrees C", and the convention 
by temperature are made for giving universality to a convention. 

[0022] an example 1 ~ here, the silicon epitaxial wafer of this invention is explained, referring to drawin g 

2 . In addition, even if the display pitch of the surface roughness of drawing 2 is smaller than the case of 
drawing 1 1 shown above and it is the same hatching, the surface roughness which it means differs. This 
silicon epitaxial wafer EW grows up a p-type silicon epitaxial layer (resistivity = lOohm and cm) in 15 
micrometers in target thickness on p-f- mold silicon single crystal silicon wafer of field bearing (100) on the 
diameter of 200mm, and the front face of main. 

[0023] Although the same field A-C as drawing 1 1 of the above-shown which shows the conventional 
example is seen by drawing 2 which shows this invention, the ways of appearing differ considerably. First, 
the field A of the surface roughness rise region which has appeared in the periphery of the silicon epitaxial 
wafer EW of drawing 2 at three places is considerably reduced rather than drawing 1 1 which shows the 
conventional example. By drawing 2 which shows this invention, the field B which is a siirface roughness 
rise region which had appeared in the shape of an island in drawing 1 1 is not isolated, but is equally 
distributed by the inside of a silicon wafer side. Moreover, the field C of a core has appeared like drawing 
11 not as a clear circular surface roughness fall region but as a rather ambiguous surface roughness rise 
region. The punctiform field D seen by drawing 1 1 has not appeared in drawing 1 . 
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[0024] In this invention, it asks for the field internal division cloth of surface roughness except for the 
measured value contained in less than 0.3% of accumulation frequency, respectively fi-om the inside of the 
total measured value of the surface roughness by the laser scattered-light detecting method, and an upper 
limit and lower limit side. In the case of the silicon epitaxial wafer EW shown in drawing 1 , the measured 
value contained in less than 0.3% of accvimulation frequency is the field (0.08% of frequency) of 0.334 ppm 
or less of surface roughness, and the field (0.15% of fi-equency) of 0.352 ppm or more of surface roughness. 
Therefore, the maximum of the granularity within a field of this silicon epitaxial wafer is set to 0.352 ppm, 
the minimum value is set to 0.334 ppm, and the field intemal division cloth of surface roughness is set to 
0.352-0.334=0.01 8ppm. This value is in within the limits with a value of 0.02 ppm specified by this 
invention, and it was checked that it is the silicon epitaxial wafer which has the very uniform granularity 
distribution within a field. 

[0025] Moreover, thickness distribution of the silicon epitaxial wafer EW of this invention is shown in 
drawing 3 . Here, the (a) Fig. makes the longitudinal direction the direction which intersects perpendicularly 
with a lengthwise direction and this the direction which goes to the notch N (notch) which shows the 
measurement direction of thickness distribution and shows crystal orientation, (b) Thickness distribution and 
the (c) Fig. show the thickness distribution over the lengthwise direction distance from the core of the 
silicon epitaxial wafer EW, respectively. [ as opposed to the lateral distance from the core of the silicon 
epitaxial wafer EW in drawing ] Most depression of the silicon epitaxial layer thickness in a wafer core has 
not appeared so that more clearly than these drawings. Moreover, at a wafer core, maximum is 0. 1 7 
micrometers also in 0.01 micrometers and the whole wafer, and SFQD by the definition of SEMI has 
improved sharply as compared with the former. 

[0026] Moreover, in manufacture of a silicon epitaxial wafer, the percent defective of the flatness based on 
SFQD is improvable to 0.7% or less by holding down to 0.02 ppm or less which specifies the field intemal 
division cloth of the surface roughness of a silicon epitaxial layer by this invention. That is, the silicon 
epitaxial wafer with which the surface roughness of a silicon epitaxial layer was stopped by 0.02 ppm or less 
specified by this invention does not cause the local thickness change or flatness change resulting fi*om a 
local temperature change. 

[0027] an example 2 — here, the example of 1 configuration of the gaseous-phase thin film growth 
equipment 10 of single wafer processing used for manufacture of the silicon epitaxial wafer shown in the 
example 1 is explained, referring to drawing 4 thru/or drawing 6 . The typical sectional view which the 
typical sectional view in which drawing 4 shows the example of a configuration of gaseous-phase thin film 
growth equipment, and drawing 5 expand the part, and is shown, and drawing 6 R> 6 are the top views 
which looked at the susceptor from the rear face. This equipment makes vapor phase epitaxial growth 
perform, heating the silicon wafer W set one sheet at a time in the reaction chamber 1 which consists of a 
transparence quartz using an infrared lamp 9 from the upper and lower sides. The interior of the above- 
mentioned reaction container 1 is divided into up space la and lower space lb by the susceptor 5 for laying 
Wafer W. 

[0028] The above-mentioned susceptor 5 is a disk object with a diameter [ of 250mm ], and a thickness of 
4mm which consists of an ingredient which coated the graphite base material with the CVD coat of SiC, and 
sedentary reeling **** 5a is formed in the top face as an installation part of the silicon wafer W. When 
laying for example, a 8 inch wafer (diameter of 200mm), let the dimensions of sedentary reeling **** 5a be 
flie diameter of 205mm, and a depth of 1mm. Moreover, as shown in drawing 6 , in the part which the end of 
supporter material, i.e., the head of perpendicular pin 7b with which the end of the below-mentioned spoke 7 
was equipped, is made to contact, crevice 5c and 5d of crevices with a diameter [ of 10mm ] and a depth of 
2mm with a diameter [ of 4mm ] and a depth of 2mm are formed in the rear- face periphery section of a 
susceptor 5. Here, since there are three spokes 7, the above-mentioned crevices 5c and 5d separate 120 
degrees of central angles, and are allotted at equal intervals. Here, the core of crevice 5b is considered to be 
the core and equal of perpendicular pin 7b, and the distance from the periphery edge of a susceptor 5 to a 
Crevices [ 5c and 5d ] core is defined as the distance dl between periphery marginal-perpendicular pins. 
Here, it could be dl=5mm as an example. This is the location which visited 6mm outside conventionally. 
[0029] By the way, with conventional equipment as shown in drawing 8 shown above, perpendicular pin 
27c is prepared on extension of a revolving shaft 26, and alignment of a susceptor 25 and supporter material 
was performed using 25d of crevices on the rear face of a susceptor center section for receiving this 
perpendicular pin 27c. However, since such alignment cannot be performed in this invention which omitted 
the perpendicular pin of a center section, one of the crevices of a periphery is instead used for alignment. 
Therefore, compared with 5d of other two crevices, the diameter of the above-mentioned crevice 5c is 
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reduced. That is, crevice 5c which has the diameter which can hold perpendicular pin 7b of the end of a 
spoke 7 that there is almost no clearance is used for alignment, and some allowances are given to 5d of other 
two crevices. 

[0030] In up space la in the reaction container 1, in the front face of the silicon wafer W, the material gas 
introduced from the gas supply hole 2 with H2 gas which is carrier gas flows in the direction of drawing 
Nakaya mark A, forming a laminar flow mostly, and is discharged from the exhaust hole 4 of the opposite 
side. H2 which is purge gas in high pressure from the above-mentioned material gas at lower space lb Gas 
is supplied. Purge gas is made into high pressure for preventing penetration of the material gas from the 
clearance between the reaction container 1 and a susceptor 5 to lower space lb. The support means which 
consists of a quartz for supporting the above-mentioned susceptor 5 from that rear face, and the lift pin 8 for 
detaching and attaching the silicon wafer W on a susceptor 5 are built in this lower space lb. 
[0031] The above-mentioned support means consists of a revolving shaft 6 and three spokes 7 which branch 
from this revolving shaft 6 to a radial. It is made as [ support / this ] by carrying out fitting to crevice 5c by 
which perpendicular pin 7b was prepared in the end of the above-mentioned spoke 7, and the tip was 
established in the rear face of the above-mentioned susceptor 5. The member which is equivalent to the 
perpendicular pin contacted by the central rear face of a susceptor on extension of a revolving shaft like 
conventional equipment does not exist in the equipment of this invention. The distance between the rear face 
of the above-mentioned susceptor 5 and a spoke 7 is defined as the distance d2 between susceptor-spokes. 
Here, it could be d2=l 5mm as an example. The above-mentioned revolving shaft 6 is made pivotable in the 
direction of drawing Nakaya mark C by the driving means which is not illustrated. 

[0032] The diameter of a head is expanded and the above-mentioned lift pin 8 is hung from the taper-like 
side-attachment-wall section of through tube 5b prepared in the base of sedentary reeling **** 5a of the 
susceptor 5 for this head to lay the silicon wafer W. The shank of the lift pin 8 is inserted in through tube 7a 
drilled in the halfway section of a spoke 7, and is made as [ hang / to stability / this lift pin 8 ]. As a 
component of this lift pin 8, what coated the SiC base material with this example with the SiC coat was 
adopted. The above-mentioned SiC base material has low thermal conductivity compared with the 
conventional graphite base material. Rise and fall of a support means perform attachment and detachment of 
the silicon wafer W on a susceptor 5. For example, when removing the silicon wafer W from a susceptor 5, 
a support means is dropped and the tail of the lift pin 8 is made to contact the wall of lower space lb of the 
reaction container 1 . The lift pin 8 energized by this attaches to the rear face of the silicon wafer W in the 
head, and surfaces this silicon wafer W to the upper part of sedentary reeling **** 5a. Then, the handler 
which is not illustrated in the space between a susceptor 5 and the silicon wafer W is inserted, and delivery 
and conveyance of the silicon wafer W are performed. 

[0033] As for the above-mentioned infrared lamps 9a and 9b, two or more lamps are arranged by concentric 
circular [ of a duplex ]. In infrared lamp 9a, an outside lot and infrared lamp 9b constitute the inside lot, and 
the spatial medial axis of these each class is in agreement with the revolving shaft 6 of the above-mentioned 
susceptor 5. It is made as [ control / the amount of energization / to these 2 sets of infrared lamps 9a and 9b / 
independently ], therefore accommodation of the amount of heating by these 2 sets is enabled 
independently. 

[0034] Here, vapor growth of a silicon epitaxial layer was actually performed using above gaseous-phase 
thin film growth equipment. The used silicon single crystal substrate is a silicon single crystal substrate of 
p+ mold of field bearing (1 00) on the diameter of 200mm, and the front face of main, and grew up the 
silicon epitaxial layer (resistivity = 10 ohm-cm) of p mold in 1 5 micrometers in target thickness on this. 
Epitaxial growth conditions were carried out as follows as an example. 

H2 annealing conditions: 1 130 degrees C and 45-second epitaxial growth temperature: 1 130 degree-CH2 
flow rate: a part for 401./- material gas (three are diluted with SiHClH2) flow rate: a part for 121./— dopant 
(B-2 H6 is diluted with H2) flow rate: By 100ml/, on the occasion of growth of a silicon epitaxial layer, the 
temperature distribution of a silicon single crystal substrate were optimized so that the field internal division 
cloth of the surface roughness of a silicon epitaxial layer might be first pressed down to 0.02 ppm or less as 
mentioned above. And next, the amount of supply of material gas was adjusted and the thickness 
distribution in a wafer was adjusted. 

[0035] Thus, the silicon epitaxial wafer mentioned above in the example 1 was obtained. Surface roughness 
distribution of this silicon epitaxial wafer EW is 0.018 ppm, and it turns out that the device on the 
equipment configuration above-mentioned [ for suppressing the difference of the maximum temperature 
within a field of the silicon wafer W and the minimum temperature within 7 degrees C from the magnitude 
of that surface roughness distribution ] is reflected. First, it is the result of omitting the perpendicular pin 
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contacted by the susceptor center-section rear face, and making the output of inside infrared lamp 9b into 
size compared with the output of outside infrared lamp 9a that the surface roughness fall of the field C of a 
wafer center section, i.e., a temperature fall, was suppressed. Moreover, Field A was relatively reduced 
because the contact location of perpendicular pin 7b of the end of a spoke 7 was conventionally brought near 
by the periphery side. Furthermore, Field B became not clear because the distance d2 between susceptor- 
spokes was expanded conventionally. Furthermore, Field D disappeared because thermal conductivity 
adopted the low SiC base material as a component of the lift pin 8 compared with the conventional graphite 
base material. 

[0036] By the way, in above equipment, it is also effective to expand the distance d2 between susceptor- 
spokes, and to carry out eccentricity of the spatial medial axis of an infrared lamp assembly to the revolving 
shaft 6 of a susceptor. The example of a configuration of this gaseous-phase thin film growth equipment is 
shown in drawing 7 . Although the basic configuration of the gaseous-phase thin film growth equipment 1 1 
shown in this drawing is almost the same as the gaseous-phase thin film growth equipment 10 shown in 
drawing 4 shown above, let distance d2 between susceptor-spokes be size from dl. Moreover, the axis XI of 
a revolving shaft 6 and the medial axis X2 of the assembly of infrared lamps 9a and 9b are not in agreement. 
It is possible to equalize surface roughness distribution of a silicon epitaxial wafer further by this 
configuration. 

[0037] Since vapor growth can be performed within the limits of the temperature gradient which can secure 
a uniform growth rate substantially even if it concludes locally that it is based on the manufacture approach 
of this invention, a silicon epitaxial wafer without the local thickness change resulting from a local 
temperature change or flatness change can be manufactured. After optimizing the temperature distribution of 
a silicon wafer so that the field intemal division cloth of the surface roughness of a silicon epitaxial layer 
may be pressed down to 0.02 ppm or less since the thickness variation in the wafer generated by the 
manufacture approach of this invention will become what originates only in the field intemal division cloth 
of the amount of supply of material gas substantially, if it puts in another way, thickness can manufacture a 
much more uniform silicon epitaxial wafer by adjusting the amount of supply of material gas suitably 
fiirther. For example, in drawing 10 of the above-shown which shows the conventional silicon epitaxial 
wafer EW, the thickness distribution which had about 0.4 micrometers in the wafer side has been improved 
by even about 0.2 micrometers of one half, as shown in drawing 3 by the manufacture approach of this 
invention. 

[0038] As mentioned above, although the gestalt of operation of this invention was explained, this invention 
is not limited to these at all. For example, about the number of the spoke which branches from the 
configuration of a support means or a lift means, or the point of a revolving shaft, the aperture of the silicon 
wafer to be used, the conditions of silicon epitaxial growth, and the details of the configuration of gaseous- 
phase thin film growth equipment, modification, selection, and combination are possible suitably. 
[0039] 

[Effect of the Invention] Since amelioration on a configuration or a dimension was performed to the support 
means with the gaseous-phase thin film growth equipment of this invention and the relative position with a 
heating means was changed if needed so that clearly also from the above explanation The temperature 
distribution of the susceptor by the radiant heat from a heating means are optimized, and while the surface 
roughness homogeneity of the film of a silicon epitaxial layer is improved on the silicon wafer laid in this 
susceptor by this, the field intemal division cloth of flatness and thickness is improved. This invention is a 
technique which raises the practicality ability of the single- wafer-processing gaseous-phase thin film growth 
equipment with which becoming in use with diameter[ of macrostomia ]-izing of a silicon wafer is expected, 
it is especially effective in production of the silicon epitaxial wafer of high quality, and the value on the 
industry in the semi-conductor manufacture field is very high. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/5/2006 



JP,2000-103696,A [DRAWINGS] 



Page 1 of 5 



* NOTICES * 

iTPO and NCIPX are no^ responsible for smy 
damages caused by tbe use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1 ] 

0. 8j 




L060 



, ,^«1120 1160 1200 
1100 1140 1180 I 

mataas. n) 



330 



[Drawing 2] 




: ppm €raE:9^) 
'^O. 334 (0. 08) 
O. 8 34^ 0. 336 (3. 94) 

0. 336^0. 338 (18. 40) 

0. 338'^0. 340 (17. 55) 

0. 340^0. 342 (20. 40) 

0. 342'^0. 344 (19. 52) 

0. 344^0. 346 (9. 76) 

0. 346-'2j_a£a tlO- 17) 

0. 382~ (0. 15) 

ppa 

.%0. 362-0. 334"0. 018 «0. 02) 



[Drawing 3 ] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/5/2006 



JP,2000-103696,A [DRAWINGS] 





http://www4.ipdl.ncipi.go.jp/cgi-biii/tran_web_cgi_ejje 



JP,2000-103696,A [DRAWINGS] 



[Drawing 5] 



^^^^^ 




[Drawing 7] 

9a gb 99 




d2 



XZXI 

[Drawing 8] 

29c ^ 2^ 2S 



22 




Q 9 o 

29a 23) 26 23) 29a 



TDrawine 91 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



JP,2000-103696,A [DRAWINGS] 



Page 4 of 5 



(DID 6^^^ 

if 




[Drawing 10] 
(0) 



/ 183 
k 









EW r 



N 



6 
S 

^15. 0 

100 




16. 6 



: Cb) 






i/*JZt>s.}£^^i/^Am0mti (lim) 



















60 O 60 100 
>>x-AiW9»*60l»inmM (mm) 



[Drawing 11] 








^essMi ppm ant:x) 




0- 


99P^O. 336 (0. 66) 




0. 


a36'^0. S40 (2. 84) 




0. 


340*^0. 346 (39, 34) 




0. 


346*^0. 360 (38. 42) 




0. 


360^0. 366 (9. 63) 




0. 


3S5^. 366 (8. 20) 




0. 


365-- (0. 08) 



/.O. 366-0. 330< 



ppm 

'0. 036 (>0. 02) 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/5/2006 



JP,29q0-103696,A [DRAWINGS] Page 5 of 5 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran__web_cgi_ejje 1/5/2006 



(19)H*H#ff;r (JP) (12) ^ ^ 1^ vg^ ^ (A) (ll)4#l^fflgiKjraS# 

4#g82000- 103696 
(P2000-103696A) 

(5i)inta' tasais-^ fi f-n-yi^y 

C30B 29/06 5 04 C30B 29/06 504F 

HOIL 21/205 HOIL 21/205 



SFSa* »«JR©S10 OL 12 H) 





#JS¥1 1-21 1185 


(71)fflaA 


000190149 












¥j«ll¥ 7 ^26 H (1939. 7. 26) 












^ ph 




1*lSJplO-228e65 






(32)S5lcB 


¥^10¥ 7 ^ 29 B (1998. 7. 29) 








(JP) 


(72)%gf# 










p^A$4)TmB2Tsi3$i# fsm^ 














(72)»K« 


ws^ ^ 






















(74) A 


100095751 











(54) mm(D^wi 'y^}n>y.)i9^iy^ji\^^3i-rs^i:xpt(D9m^m 



(57) CSiS53 

affi)|i*©ffirt^J-^:&0. 0 2 p prnJ^Tfcm-SCli: 




-1- 



^Offirt^^*^ 0 . O 2 p p mJWTJcai^t ^ntz->V =1 

«C) ~> >; n vx tr ^? 4^ V- ;I/ -j; i — / No 

X If ^ ;VM^m*g^« ^ « 3 V-x tf 

b9ib->u 3 :^xi;:Sr:^i«>^;i/ejcigu u— if istaTt^ 

^V^T^ffl L«:affiiia?OffiF«3^^^ 0. 0 2 p p mJi( 
x-ZN^SIag^So 

tuie-> U 3 x-/NiD««gp{ar;grSH-r JS^gBP 

±fcKe?ns-> u 3 x— /nosi^sis 

3 ^x kf rSf 4^-> ^ ;1/ X — NOiSii:^ j£o 
F^Oi^^^. K-9-fe:/:5f±fc«B^n«i^y3V>x- 

4 f5KO'>"; 3 ^xtr^f c^$^-^;l/«>x-/>OS!3t;^rjSo 
[W^:^7] t9iev"J3>"i7x-MCDiip|^^. tulHit 

[W^:^ 8 ] MIHi^ U 3 x-^-nOMF^SS^^^ 

«®{tbfc^tc, ->'j3>'xi;^?4^>'-v;i/S<!r)ap«3]K;p 
^^*iis-r « c t ^mmt-r^n^m 4 ib«8o-> u 3 

Cli*^9] 8913-9-1: T'^'co^Jtfc IS m^ty^ . 



(2) ^1182 0 0 0 - 1 0 3 6 9 6 

2 

4 lESKOS^ U 3 >'xbr^?4^>'-v;l/'> x— /noS! 

xtf ^^^^ir/l/SOSfflfigg^&ft^^Tff 5 C fc^l^ 
-r ^If 4 iB®®'> U 3 yx tr^f^>>+;l/e; X— -'N 

10 [000 13 

ir;i"i'x--'Nfeitf^©l!BS7^Steisu #tce^U3v 

[0 0 0 23 

-Yx. iiMW0LTiBi?n5v"j3y#^B^a«tc^ 

^•®S®fi:?e>{ce/'j3Vxtf^4=-5^-f 
ffi^fi ^ n § V 3 yx kr ;1/ X N 

^saigti^y 3yxbr^^->-^;i/H7x— /NiiJgr^-ii-T 
3>'>>x-/Nfci^Brrso 

JO [0 0 0 3] ->V=i'y3L\d-Si^iy^jV^3^—/\l,c^i^T 

i}^ e., y 3 >#i^gs«±fc:Mffi^s?ns y 3 

>Xl:f^f^i^^;l/a<7)31Z±i^i;St,>^^Tfej:l,^ iSS 

CCOS^li. i^l'3>">x— -'N©PS*^^fTCD2 0 Om 
^0 m*>?)3 0 0mm. ?e.fct±.f-n<fe»?±'Nfcii£;*;-r5{c 

[0004] 0 8 fc. 200 

S2 1 rtte i«:-ro«g*n/5:->U3>r>x-/NW*± 
T=}:0^i1-^^>':/2 9 a, 2 9 b^m^-'T^MbnmV 

9\-Wt^'yf2 9 a. 2 9 btt-SCDIH^MtttcBB^J^n 

TfeU, j3^^'^>'y2 9 a*^<B!lO-|a, 

7^2 9 b*^F«3MO-M*«fi)cLTt/>So ±sHSJ$;§gg2 

50 1 f'jttv s^U3i/r>x— /NW^sgH"rsfc46o-b--ir7'^f 



-2- 



3 

2 5fcJ;c>T±a5^ra2 1 a tTSP^HZ 1 b tK^ni 

S4'^^97 A T^i^fcgsn. EMM©fiP^7L 2 4 *^ c,^ 

—i^:»7.^m£tt^<Dlt. SJS^2 1 t-9-fe:/'^2 
5 t<D!S<ommt^&T^tEm2 1 b'\<DIMi|^;i!fXOjiA 

[0 0 0 53 ±iHTa5^p^2 1 b tea, ±§E-vty^ 2 
^ns«i!c<DXjK-t^2 7t*^6«^$n§o ±iex.K 

2 7 b, 2 7 cj!)^^ n^nS^tP>n^ KSitl:f>'2 7 

b , 2 7c (D%Wi^±m'^^-:f^ 2 5 ©KStciatJ 
fe|HISi2 5c. 2 5 dJC^n^^nffit^^nsCfctCJcD 

Co 0 0 6] ±fSU 7 h trV2 8 ttffigPJb^itS^tX^ il 
2 5 ©^095 2 5 aCijKBfCiS:l'tP.nfcSa?L2 5 b 
Wlt7.f^-^ 2 7©4'«gPfC^S:2n/'cMa?L2 7 a 

[0 0 0 7] ■9-tr:;''^f2 Sifcfet^-Sv-UnV^i— /N 

7 MfV2 8 0«gp;g:S^t^^gg2 10Ta5^Pa2 1 h<0 

«-&L. M->U3y'i7x-/NW^M^t)gP2 5 a<D±;^ 
^W^Z'^^o ^<o'^. ^'t-:fi'2Sh^^V::i-y':;3.— 

[0008] ±fe-9-lr7':5f 2 5 LTfiil 

m^mm^s 1 c (Mfts^) cDfi^T*3-x>c>' 



(3) #§12000-1 03 69 6 

4 

fig^^-lgftLfeCDT'feSo S i CISMttil^, CVD 

2 8 (omm^m^v-'f:/^ 2 5 tmm. mm&u 

[0009] 

C^Bj*^g|gliLJ:5fc-r5l«gI] fc<i5-P, '>Uavx 

U 3 vitr X— ^NtDSF^ffiBtJ: J: -p T Jitr 

{C, v"Jn>'Xtf^r4^v'^;VMcDP*i*^«[fe8 /im>&@ 

[0 0 1 0] 01 OfCs It@2 0 0mm^ ^SffiOS:^ 
fiE (1 0 0) , giri^O. 0 1Q-cm~0. 02Q- 
20 c mO p-^i^J 3>#*g^a«±{c. SfiljP^ 1 5 n 
ml^pm(DiyV =i>ai}d^^ty^;lym CS*t;^= 1 OQ 

S^-To (a) St±M»^^oS!l^:?7i5!i^^Lv m^B:^&. 

^S^-ry>yf-N (not c h) ter^7b^5:^lRl«:*8e:^($]. 
cnfi:iS3?-r§73iSi;&«73iRii:LTV>^„ (b) 0«>' 
U n VX t? ^ 4^ ^ ;!/ X — / N E wo cf'^ e> <0«;^IrI 

[0 0 11] e:n6.O0<fc»?H,i&*^'5:J:^{c. 
Xtr^f^->-\';l/!>x— MEW<D(fi>t>fC;feI/'«T, i"J=iV 
xl^^r^i^^;l/S<DJP?A^^iitrmiRrfCfeSo ClOff 
^O^^fcJ:*?. ^'^-y h^^XA^S EMI (Semicondu 
ctor Equipmentand Materials International) 
KJzSS FQD (S EM I Ml-96)-p0. 3Mm 

«^7x— /^^0^{^:^t/■>T7^•v h:^XO^S^AM%^ 
ffi^Sili:fefeSo ddt?. S EM I ©^gfcj:^ S F 
40 QDi:fiv '>x-/N^ffi%2 Omm^O-fe/Hc^^MU 

[0 0 12] mm.<r>mpii)\ ly-^wcSimk^^^^m 
50 ffiie^<o:^^?^^w-r'5^Bi?feSo wi.n.i^<D^m. 



-3- 



5 

it. p pmO*ffi*fflV>T*^n«o retail. 0. 5 

s 21 tti^Z'^^tK 3 v-;? x— 

Coo 13] 01 Ifcfel^^T, ->U3Vxlf^f4^->^;l/ 

iL3t®?i^3b^O. 3 4 5 ppm~0. SSSppmfc:*: 

DVtiWLn.yt(D'^ff'0. 3 30 ppm~0. 33 5p 

C<DWL&yt<D^m(Om±m. (O. 3 6 5 ppm) 

M (0. 3 30ppm) t<DM^*). ilHCOUnVX 

T?g-rtO- 0 3 5 p pm©-'^^»y:^*^2feSiIt*^*?*^ 

So 

[0 0 14] C:<0<fc-5{i:, ->U=l>Xbf^fit^->^;l/^x 

— /NEwcaffiiE^ot^-^tt^^^^-r^ 1 1 jci3i->T 

CO 0 1 5] L*^LV^-rmcLTfe. xif'i'V;!'— 
0. 1 3Mmfe(T{^:$^S/J^^nS4•mcD^fi«^*yD-feX'\ 

Co 0 1 6] 

mmo. 3%JWf*gfc-i-$nssiM#*^t,>TattbLftK 

Sffiffl^OffiP^i^^*^ 0 . 0 2 p p m&LfKmX tbtlTc 50 



) #BS2 000-103696 

mo. 3%JXrt^c^^ns?glJ^fit:sr±T^^>!)^e,^•n^n 

l^^-r S 1 1,^ ^ c i: ti. ^igiJ^Mco^l^flt x ^ cfJ/LN i: -T 

i. X ± 3 o (o a^Jftiii) ©iBH^^cfe-5?l!i^^ii%l^ 

Coo 1 7] *^H^#e,tt. c<D^d^iyV:3yx.\;^ 

«:#iiis-rs tjtfc. 59fsi5« (±M©x:a?-^ 2 7 fc^a 
?nSo 

coo 1 8] sfc. ±te-9--fer^f«m^oiHi^f4oi5i'? 
t interns t CD s iDiKi^^jb^^s© tp^imo 

^«]-rsc:t*^-t?*So ±tBMSit±. ->u=i:/'>x--'N 
MfcK^-rSo 

Co 0 1 9] 

t[(om(>^^^i)\ um<D^i^-^icm@t^-> n >x 
isM*^^*?. 0i{c^?nsj;9^c. mmi^tmi^^t 
^^iy^^i^^mM&X'^^ 1 1 3 ovir^-vrnw^tEii^ 

0. 0 2 p pm^<fc-rSi:t/-»3ili;«, ^^S*f{C7r(D 

^«?aMM*^#i£-r set ^WM-r s » ii«£D u n >' 

xtf^#->^;l/J5g5*<fTtenS 1 O 5 0lCJW±(D«if&» 

ae^^-r s c A^T'^ So 

Co 0 2 0] cocfc^Sr^satcfet^TMSoSi i^H 

t/^Siis >"J 3>xtf:5?4^^-\';l/'i7i— ^NEWcDfl^f*^ 



-4- 



7 

LTU^^o «^C«. S®*-e,Sttl:fV2 7 c 

D v:/ 2 9 b Oj^A^fM utc < < . HOfctbiC 

Tfet). '^'L^f^2 6*^e.3*iRitcst>'sx.i?— c^2 7© 

[0 0 2 1] *^|gl±, il©i-5{C->U=I>'>>i— 

•fe (o^^mmis' ie> mR^mt(Dmm^<o ssase^ 

C0 0 2 2]||«£Ml 

•OI/^T. 0 2^#BgL*A^e>fJBJ-rSo S2(Da 

EW«. itSZOOmm. ^gM^STuti (10 0) CD. 

1 00 • cm) ^fi!cS^-l*fcfe<D-??fe^o 
[0 0 2 3] *ftH^^^-r0 2(C«. tif*M^^-rt9S 

!E^±^iB^O^^A«. ti£3liM*^-r0 1 lJ;t)feA^^ 

m-s±m^T&^mm b *^w%^-r 0 2 -etiatsi 

TV^^o SfCs f^^a5©tl^C«. Ml 10J;^JCB^aR 



(5) 1fr^2 0 0 0- 1 0 3 6 9 6 

8 

?±^^i: LTSnT^/^;5o 01 i{i:*e.nfc^S««Dtg 
CO 0 2 4] *5iB^T't±. U-ififcaTt^fflffiJJiJ:^^ 

^««So. 3%j^rt^c^*n^ji!i^fli^i^i/^Tatfffl 

~>"v;l/'>x-/NEW©*&. ^a^^fO. 3%JWrtfc-g- 
SnSM^fiita, aSSi* 0. 3 3 4 p pmJ«T©fS 
70 m (mmo. 0 8%) . fe<fct/g®)iB^O. 3 5 2 pp 
miX±©«^ (MSO. 1 5%) T-fe^o l^fzff-or. 
c (D~> y n >x tf rJf^^^i/^ ylz-i/ X— /N<DBF*9)a^©S:*: 
fitttO. 3 5 2 p pm^ a-d^ffitiO. 3 3 4 p pmi;^ 

0. m.mm-S(Dm[H-^^ito. 352-0. 334 = 

0. 0 1 8 p pmir^Sr^o COfiiti. 3t:^0^T'M^-r§ 
fflO. 0 2 p pmOffiai^fC^t), ffia6Ti%— ^SF^iiS 

[00 2 5] ^fe, *^B^©S^U3>Xtr^r:^^S/-v;V<i7 
20 ji—/^EyN<Dmm^^^^3iC^-to CCt?, (a) 0 

(notch) fcfRl*^-577[Rl%*S77[Rl. <in{cit3it-§ 
;^lRl^a^lRlfcLTV^«o (b) mii^V=i>x.\fi>^ 
v/-t';l/«j7x->'NEW<Dcfi4:%*>c,©:^r^gBStc5!fr5M 
JS^J-^. (c) 0i±->"j3>xtfrJr4^5/-v;l/'>x— /nE 

%Ji*t±StA.ifanTt,>:*V^o S EM I 
iO j;5SFQD{±. -^x— /N^J'^fCfet/^TO. O 1 m, 
"^x— -'N^t*:fCfeV^TfeS:*:filjb^O. 1 7 iimT'toK>. 

[00 2 6] Sfc, >'U3yxtf:5r:^^>'^;l/>>x— 

ffiF«3^i-^%2f:^B^f^-r§ 0. 0 2 p p mOTfcW^ 
SJitfcJ:?). S FQDfc:fei:-:5<7^«y h4»^X©5f:g 
^^0. 7%ij(Tfcs-e^#-rsc:i:*^Tlffco -r^ftto 
•5. 3 Vxt::$r:^^$/-ir;l/M<DaM)H^;?j^*%B^T-^ 
^•r-5 0. 0 2 p pm^TtCffl^e-nfci^UnVxlftSf 

[0 0 2 7] mt^mz 

x-/NCDia3g(i:fflv>rc^S(^s©»igw^s^«i o© 
■r So 0 4 itm.mnmm.mmm(Dmmm^^irm^&^m 
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p 

, [00 2 8] ±tEV±y^ 5 S l C OC 

0 mm, P;^ 4mm©R4gtt-^fef3, ^(D±micliiyV 

tlTt^^^o ^^^5 aCO^mii. fch^ilS^^^^tJ 
x-v-N (lt@2 0 0mm) ^«g-r§«^. ltS2 0 5 
mm, jf^ 1 mmt^^n-So ^fc, •y--ir:/^' 5 <DSB^ 

?2mm(D|HlSP5 c i:, ItSlOmm. ?Si?2mm<D[a 

^cox\ ±tmm>sc, 5 d 120° ^mxx 

JSI«A^ P. IHIgP 5 c . 5 d ©tf^D^ 
Itevf^^gfd 1 i:^S-f-«o ilc:T'^i-M^:L.T. d 
l=5mmi:b/c:o cn«. SESEJ; D 6 mm^^MfcSF 

[0 0 2 9] fc<15T\ fijJi©^8(C^LfcJ;3*$!!3fe 
<D^ST'J±, [sJteM2 6CDffiS±{i:fet/^TSlttt:V2 7 

<01>-fey^tf^a5S®<OIHlS»2 5 d^fflV^Ttf-tr^^^^Z 

. :^gi50SlSlf >^*lllSLfc:2f:^BJT'{± CCD j; ^ 

2-^CD[Hia5 5 d (Cjt^TSSg^nTV^^Oti^-cOTtfeT 
-r^fc-^. X5}?-^7<D5S!^OMi£t^>'7 b* 
{KSI^H'S: < iR^T't «l£g%Wr« HSiS 5 c %ffiS^ 
fc-e-tcfiM ftfiiD 2 OCOGflfflJ 5 d fcttST©^^S*if 

[0030] SjCS^gg 1 rt<D±g|5^ra 1 a T'ti, ;?fX« 
m2 U 7;ifX-^J5^H2?!fX i:^^{caiA^ n 

^mm-^n^o y^^m i b ±tEmmis:^^ K) 
[003 1] ±i3itd^- h^mn. mmiA6t. mmm 



(6) #F?I2 00 0-103696 

JO 

i:*^^«fi!c?nSo ±aeX.i?-;^7©5l^{CliSittf> 

«±(c fci-^ T-9-tr :/ ^ CD fz: ^ Sifi tr :y 

^r-X:^-^ia^d 2i:S^-r5o CCT'tt-MfcL 
JO d 2 = 1 SmmtUfco ±feiHrt5lfi6«, S^^tt 

[0 0 3 2] ±ie';7hkfv8{±sgp*^Si?g?n, 

<^)ffiMt)gP5 acDjg®^c^^te.n/'cKJil?L5 bcDx-7^ 

7 ®4'^ffl5fc^^nfcm®?L 7 a tejf ji^n, m 

C cDU 7 >' 8 (D^fig^J^i; UT, S 1 

fco ±15 s 1 cmiit. m^<Dmmmmcit^xmBm 

x-/NWcD«IIMtt, •9-4?-h^@0#mcJ;»?ff-5o fc 
tM.lI. U :3 V-^ X— 5 ]K »? ^^f 

^■oTHm-^^tlfc Vyhii>8i3\ ^cD®g|3^Cfet,^T-> 
U^V-^x— -'nW<DSE»C«-&U ^-^Un^^-^^x— 

5i:>"J n v>x— /NWi:cDK<DSH{c:0^^nj5:t,'> 

[0 0 3 3] ±ISSJ^'7y:^9 a. 9bti, «S[<D^ 
;y7'A^ZlScD|SryL%Rt^{CiB?IJ:?n/5:fe©T?feSo ^^i-is 
•^^T'g a{i^^<B[|0— ^I, #^1-ifig^>'7'9 b«f«iMcD— 

m^m^hr^ »? . sfc cn e.&fflcDz&p^e^jSr^iL'vWtt 

m(Dm9\-m^z^y9 a , 9 b 'NtiaaaA^aicfcsij^T? 

[0 0 3 4] CCT. ±IBcDm*g5?Mfi)c«gS^ffll.^T 
^^tc V"; n i^ai t; ^ 4^ ^ /l/MfD^ffl^S^f^o fco 
mmhrc'yV=i-^Mm^B^l±. it^2 0 0mm. ±m 

m<om:^^ (10 0) o p*m<ot^v =i>mm^w&x 

fet>, Cl(D±fcgMP? 1 5 Aim(CTpS(D5^U:3;yx 
tf^f^^i^-v;!'* (g*t^=l OQ • cm) ^J5g«?^i- 

H2 7'--;l/^# : 1 1 3 O-C, 4 5ie!> 
50 xt;^r^->^;l/fig5taS : 1130°C 
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K— /^>h (B2H6^H2T?&I)?) 100ml 

'J 3 :/x tf 4^ ^ ^vmo^micmLrii. m-r±m 

t^^*^ 0 . 0 2 p p mlU^Ticimx i. J; d y n 

[0 0 3 5] c:©j:3fcLTff e.nfc©7!)^ HfifiM 1 
0. 0 18 p pm7?fet)> ^•©^ffiie^^^o:*:^^*-' 

[0036] tH^-^. ±IB<73^Wcfet/^T. ■9--fe7'^f 

d 2«d 1 J:»3^t?nTV^So ^fc, tHl^g»ft6 0ftE^ 
X 1 m^f^'^'yfd a, 9 bcDT-fevrUOcf^LJfi 

[0 0 3 7] ^^m<Dmm.-:^micj^^t. mpi^mc^x 

v"; 3>'xi:;^f4^v'-v;I/'J?i--'N^SS!ji-r5 c t jb^T^ 
^'4^->'-fr;l/M<DgSi|a?©®|^ii-^^ 0. 0 2 p p mJi( 



(7) 1#F»B2 0 GO - 1 0 3 6 9 6 

12 

U3>xlf^f4^->-fr;l/'>x— /NEW?:^-rB&«O01 0 

*fgB^©i5!)g;7atcj:D^3fcS^^nSJ:-?fc, ¥ 
5i-O«50. 2 fimtc^TefeS^nfco 
[0 0 3 8] JM±, 2|E%?§©|IS(5©Jgfilfj:oi,vT|fJ^L 

[0 0 3 9] 

i6-i.g$BT-fe(3. 1tfci«B^«cDi"J ^vxe^f^i^-*-;!/ 
'>x-/^Of^S^C#^•^fe^)^ ¥IW*lS!Ji^5-^KfettS 

50 [EIBO^^^IKH^] 

[^1] i^u^vxtr^Sf^^i^^^i/Scoaffiii^fc^ffi^ 
[02] :^mm<o -yv ayoLifit^-y-y^V'^ j^—/\(o-y 

[03] *%i§o->y 3:/xe^4^->'-v;i/'>x— /M7Di< 

(b) Sa-^x-zNCD^T^iRlilSfcrQ-p^cM/P^^. 
^0 (c) 0t*'i7x-/NOf6&?|Biit@{c?&-?fc)^^J':m^-?- 

[04] *l^?^T-^lfflprftg:ftMti^i^«^gO#|5g0ll 
[05] 04O^fflli|^5ilBO-aJ%ffi;*:LTS^'r 

[06] 04 <D^mmms^m<o'i)-tf'S' ^mm*^ s 
[07] ^4(D9(^m^mmm<D^'ii-:f^-x^—!7 
50 [08] m.^<Dwm^m^m<Dmm^mmm\^^ 
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[011] i«^*0~>'Jr3Vxt!:5?#->i'7l/'>i— /N©^' 

•It— hTfeSo 
[?fF-^cOiiH^] 

.1 SJSSgg 



(8) 2000-103696 

1 a CRJt>§Sg<D) ±gp^ffl 
1 b (Sf£^g§©) TSP^Pa 
5 tf-bT'^Sf 

5 a mmx)U 

5c, 5 d (-9-*:^^? SEffiO) HSP 

7 X5i?-^> 

7 b. Mittrv 

8 D^htr^ 

9 j^niis^vr 

70 10. 11 wmmmmM 

EW ->U3>'Xt?^f4^->-=f;l/'>x— /N 

d 2 ■y-fey^f-x.i?— i^F^^ 
X 1 (lHltetft6<D) 

X2 (^^^•7>'y7'-ir>'7ucD^raeg^) 



mil 



8 



0. 8 
0. 7 
O. 6 
0. 5 
O- 4 
O. 3 
0. 2 
0. 1 
0 
106 




1O80 1120 1160 
0 1100 1140 1180 

(•c) 



1200 

1220 



EZ3 




SSe^: ppm 

^Q. 334 Co. 08) 



0. 3 3 4^ 0. 336 (3. 94) 

0. 3 3 6^0. 338 (18. 40) 

0. 338^0. 340 (17. 55) 

0. 340'-0. 342 (20. 40) 

0. 342'-0. 344 (19. 52) 

0. 344--0. 346 (9. 76) 

0. 346-- 0. 352 (10. 17) 

®3^i*T 0. 3 52-- (0- 15) 

ppm 

/.O. 352-0. 334s0. 018 «0. 02) 



(9) i^li2 0 0 0-1 0 3 69 6 

[SI3] [g|6] 




9a 



9b 



9a 



JSiS*-^. H2- 



H, 



8- 



^5b 5 5b' 



8- 




Q 

5 Sb ^ 



;9 9 

9b 9a 
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00 0-103696 




9a gb 99 

— 



A J-Sfm 




9 9 

9a 9b 



X2X1 
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(11) 



#M2 000-103696 



6 crx) o 

r2A 



ii«3!rx» H2 




9 



9. 9 



29a 2* 26 29b 29a 
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#H 2000-103696 



[01-0] 




100 50 0 50 100 



[011] 












EZZI 


0. 


3 3 0-'0. 


336 


CO. 5 6) 




0. 


335— 0. 


340 


(2. 84) 




0. 


3 4 0—0. 


345 


(39. 34) 




0. 


3 4 5—0. 


350 


(39. 42) 




0. 


3 5 0—0. 


355 


(9. 53} 




0. 


3 5 5—0. 


365 


(8. 20} 




0, 


3 6 5— 




(0. 08) 
ppm 



.0. 365-0. 330»0. 035 (>0. 02) 
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